The Recovery Line is an automated, computer-based intervention based on cognitive behavioral therapy (CBT) designed to provide real-time assistance by phone for patients in methadone maintenance. Preliminary efficacy findings were promising, however, as with other computer-based systems for substance use disorder, patient system use was less than recommended. Development and evaluation of system functions to increase patient engagement and use is needed. Thus, we conducted two randomized trials to evaluate system functions designed to increase patient use of the Recovery Line among methadone-maintained patients with continued illicit drug use. In Trial 1 (n ϭ 60), patients received customized, system use recommendations or no recommendations on each Recovery Line call. Ratings of system usability were higher for customized recommendations (CR), but number of calls and total call time did not differ by condition. Trial 2 evaluated characteristics of reminder messages (message frame and reminder latency). Participants (N ϭ 67) received gain-and loss-frame reminder messages, and were randomly assigned to immediate, short, or long term message latency. Although message framing had no effect, gender interacted with latency condition such that females did not differ by message latency, while males had significantly greater total contact time in the short latency conditions. Number of calls differed by condition over time such that the shorter latencies led to greater calls initially, but dissipated over time. Overall the study indicates that computer-based self-management systems can be adapted to increase patient engagement and use.
Systematic reviews have found automated computer-based interventions (ACBIs) to be effective for managing a range of medical and psychiatric disorders such as diabetes (Tao & Or, 2013) , anxiety (Lewis, Pearce, & Bisson, 2012) , and alcohol and drug use disorders (Carey, Scott-Sheldon, Elliott, Bolles, & Carey, 2009; Moore, Fazzino, Garnet, Cutter, & Barry, 2011) . ACBI interventions have advantages over standard clinic-based treatment and telehealth, including low cost, consistent intervention delivery, and widespread availability (Hall & Huber, 2000; Marsch & Dallery, 2012; Moore et al., 2011 Moore et al., , 2013 . Some of these automated systems can be used by patients for self-management in their own environment, potentially increasing use of coping skills at times of greater craving or high-risk situations and limiting reliance on patient memory and cognitive ability to implement these skills (Keoleian, Polcin, & Galloway, 2015; Lewis et al., 2012; Rose, Skelly, Badger, Ferraro, & Helzer, 2015) . Despite these potential advantages, self-management systems often depend on a patient's initiative and active engagement.
Although ACBI's for substance use disorder have been shown to be efficacious, studies with the strongest findings used contingencies to maintain patient engagement and retention. For example, making medication availability contingent on CBT compliance in opioid agonist maintenance (Marsch et al., 2014 (Marsch et al., , 2016 , or as a substitute for individual community outpatient counseling for substance use disorder (Carroll et al., 2008 (Carroll et al., , 2014 Cochran et al., 2015) . In contrast, studies of automated self-management systems for substance use disorders without contingencies to encourage use have generally demonstrated a small or no treatment effect in randomized designs, regardless of whether they evaluated relapse prevention following inpatient treatment (Klein & Anker, 2013; Rose, Skelly, Badger, Naylor, & Helzer, 2012) , an open enrollment web-based treatment (Nash, Vickerman, Kellogg, & Zbikowski, 2015) , or a self-management system in opioid agonist treatment (Moore et al., 2013) . The common limitation across these studies has been a lack of patient engagement and retention. For example, in our 4-week randomized pilot trial of the Recovery Line, methadone maintenance patients with continued illicit drug use (N ϭ 36) made a mean of 14.2 calls over 9.9 days with a mean of 121.9 min of total system contact time, despite instructions to use the system daily. Correlational analyses in these and other studies have indicated that greater engagement and system use is associated with improved substance use outcomes (Gordon, Mahabee-Gittens, Andrews, Christiansen, & Byron, 2013; Moore et al., 2013; Richardson et al., 2008) . Thus, there is a clear need to develop and evaluate factors that engage and retain patient interest and use.
A number of ACBI's include methods believed to increase engagement such as tailored or customized content, reminder messages, and personalized feedback (Klein, 2014; McClure et al., 2014 McClure et al., , 2013 Schwinn, Thom, Schinke, & Hopkins, 2015; Takano et al., 2016) . However, only a few studies have directly evaluated whether such methods increase engagement. Collins, Morgan, Hutchesson, and Callister (2013) found personalized feedback increased retention and use of a weight loss program, although there were few differences in weight loss outcomes. McClure et al. (2014) evaluated the tone of reminder messages on engagement with an online smoking cessation program. Findings indicated that dictated content and a prescriptive message tone led to slightly greater engagement, although the size of the effects were small in the large-scale study. Additionally, Kelders, Bohlmeijer, and Van Gemert-Pijnen (2013) . found that women and participants with higher need for cognition were more likely to adhere to a webbased prevention intervention for depression. However, no studies have evaluated methods to increase engagement among substance use disorder patients with illicit drug use or in medication-assisted treatment. For the current study, we conducted two brief clinical trials among patients receiving methadone with continued illicit drug use to evaluate CR (Trial 1) and message characteristics (message framing and latency, Trial 2) on engagement and use of an interactive voice response (IVR)-based ACBI, the Recovery Line. IVR systems are automated, mobile, computer-based systems delivered via phone and use voice or keys to access different menus. IVR systems can be accessed from any phone rather than only "smart" devices and thus provide broader access for lower income and marginalized populations. We chose to evaluate continued drug use in this population because it is common and associated with high rates of relapse and treatment drop out (Maremmani et al., 2007; Sullivan et al., 2010) .
General Method Participants
Patients receiving methadone treatment with continued illicit drug use (5 or more days in the prior 30 or a positive illicit drug urine screen) were recruited using the same methods used in prior studies (Moore et al., 2013) . Patients were recruited through brochures, posters, information tables, and word of mouth from a Connecticut opioid treatment program from August 2014 to March 2015 (Trial 1) and from March to September 2015 (Trial 2). Recruitment materials noted that participants would "receive access to an automated treatment and answer questions and provide feedback." All patients were required to be actively enrolled in methadone treatment, but there was no minimum duration of treatment required. Total duration of current active treatment ranged from 2 weeks to 15 years. All patients with less than 30 days of methadone treatment had continued illicit drug use after methadone initiation. The trials were registered with ClinicalTrials.Gov (NCT02124980). Exclusion criteria were; (a) current suicide or homicide risk, (b) meet criteria for the Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV; American Psychiatric Association, 1994) current, untreated psychotic disorder, or bipolar disorder, and (c) unable to read or understand English.
Materials
The Recovery Line. The Recovery Line is a passwordprotected, automated, computer-based, IVR system providing CBT-based modules, the components of which have been described in detail (Moore et al., 2013) . The line is intended to be used by patients within their own environment to provide immediate assistance, training, and suggest and support alternative coping. Components include self-monitoring, coping with urges and cravings, understanding patterns, managing stress, and motivation/ goals (Carroll, 1998) . Each of the five components includes a number of modules (72 total modules), including learning and activity modules to help patients understand concepts, provide direct guidance, and provide encouragement. For example, the This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Coping with Urges and Cravings component included learning modules such as "Learning about Doing Something Else" and "Learning about Letting the Feeling Pass" as well as activity modules such as "Distraction Activities" and "Urge Surfing". All modules were designed to be brief (generally 5-10 min) and easy to understand (edited to a 5th grade listening level). The system records data on patient system use (i.e., call time, response to specific items). Measures. Data from the Recovery Line system were used to compute system use outcomes of number of calls and total call length. Only calls where patients completed the log in (correctly entered their ID and password) were evaluated.
The Time Line Follow Back (TLFB; Robinson, Sobell, Sobell, & Leo, 2014; Sobell, Sobell, Leo, & Cancilla, 1988 ) is a reliable (test-retest rs Ͼ .85) and valid assessment of the frequency, quantity, and route of administration of illicit drugs and alcohol. The current study assessed the 30 days prior to treatment and for the time period during the study (2 or 4 weeks).
The Effectiveness of Coping Behaviors Inventory (ECBI; Litman, Stapleton, Oppenheim, Peleg, & Jackson, 1984 ) is a 36-item self-report questionnaire that assesses the perceived effectiveness of a variety of behavioral and emotional coping behaviors to avoid relapse. The ECBI has been found to be responsive to treatment effects for alcohol use disorder (Litman et al., 1984; Rose et al., 2012) . We have used the ECBI in the Recovery Line pilot trial with patients receiving methadone where it showed high interrater reliability (Cronbach's alpha ϭ .95) and correlated with cocaine use (Moore et al., 2013) .
At the end of the study, all patients completed a brief informal interview used in our prior research (Moore et al., 2013) . Although we did not conduct a formal qualitative analysis of the brief interviews for the current study, we examined the qualitative responses for common themes across participants, blind to condition. In addition, the interview included Likert scale (1-5) ratings of interest, perceived efficiency, ease of use, and specific components of the Recovery Line.
Urine samples collected at baseline and the end of the study were screened for opiates, methadone, oxycodone, THC, cocaine metabolite, and benzodiazepines using RediTest (Redwood Toxicology Laboratories, Santa Rosa, CA). Cutoff values established by the manufacturer were Ͼ200 ng/ml for opiates and benzodiazepines, Ͼ300 ng/ml for methadone and cocaine Ͼ100 oxycodone, Ͼ50 ng/ml for THC.
Procedure
At study initiation, participants completed consent procedures and were evaluated for eligibility, followed by baseline assessment of the demographic and clinical characteristics, the TLFB, the ECBI, and provision of a urine sample. Participants received an orientation to the Recovery Line, a Recovery Line notebook, and an initial system call with research staff to gain familiarity with the system and address any questions. All patients were told that the Recovery Line was available 24 hr/day and intended to be used daily in their own environment to provide immediate assistance as well as training and support for improved coping and reduced drug use. Patients chose a 2-hr "call window" based on an estimated daily time they would call the Recovery Line. Eligible participants were randomly assigned to trial condition with assignment blocked by gender to evaluate potential gender effects.
Participants received 24-hr access to the Recovery Line for either 2 weeks (Trial 1) or 4 weeks (Trial 2). At the end of the Recovery Line access period participants completed follow-up assessments (TLFB, ECBI, and the semistructured interview), provided a second urine sample, and were compensated ($40 for Trial 1, $80 for Trial 2). The study was approved by the Human Investigation Committee of Yale University School of Medicine.
Data Analysis
Primary outcomes were total number of calls and total minutes of call time based on the call data records from the system. Secondary outcomes included ratings of self-reported coping efficacy, interest, perceived helpfulness, ease of system use, and self-reported drug use based on the TLFB and ECBI summary score.
For baseline characteristics, we evaluated condition by gender (male/female) using analysis of variance for continuous measures (with nonparametric alternatives for highly non-normal distributions) and logistic regression for categorical measures. For the primary outcomes of total call time and number of calls we computed the values for each week of the study to evaluate time effects. Due to the skewed nature of these outcomes, we used negative binomial general estimating equations (GEE) with autoregressive (AR1) working correlation structure to evaluate the effects of condition and gender over time (Brown et al., 2008; West, 2009) . For the continuous secondary outcomes evaluated at baseline and follow-up (the ECBI and self-reported drug use), we utilized analysis of covariance to evaluate differences at follow-up for condition and gender, controlling for baseline values. For the categorical outcomes of urine screens at baseline and follow-up we conducted binomial logistic GEE with AR1 working correlation structure to evaluate this dichotomous outcome by condition and gender over time (Brown et al., 2008; West, 2009) . Similarly, in Trial 2, we used GEE to examine whether message frame and the other study factors affected whether participants called after a reminder message. We used linear mixed model with AR1 working correlation structure to examine whether call length differed by these same factors (Brown et al., 2008; West, 2009 ).
Trial 1-CR
The Recovery Line uses an open rather than sequential structure. That is, patients have free choice to access any of the modules, rather than needing to complete a specified module before receiving access to a subsequent module. However, patients may not know which components would be most useful for them, may be overwhelmed or intimidated by the array of options, and may be unwilling to simply try different modules. A strength of therapistprovided counseling is assessment of patient characteristics and presentation of appropriate therapeutic content specific to the assessed need. Thus, Trial 1 examined whether customized therapeutic recommendations based on a brief Recovery Line assessment of coping efficacy would affect patient engagement. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Method
Of the 70 patients evaluated, seven patients were excluded; one for homicide or suicide risk and six were unable to read/understand English. Of the 63 patients randomized, three patients (two assigned to CR, one to no customized recommendations [NCR]) were excluded from analyses because they never called the system and thus were never exposed to the intervention. Because the study was focused on the effect of CR on patient system use, participants could call from any phone and were not required to own a phone. Participants were offered private access to the Recovery Line in available offices in the research center during regular office hours.
Eligible participants were randomly assigned to CR (n ϭ 31) or NCR (n ϭ 29). Research assistants remained blinded to condition throughout the study.
CR. At the beginning of each system call, all participants completed a coping assessment of five question pairs, each corresponding to a different CBT component, dealing with withdrawal/ craving, understanding patterns, dealing with stress/negative feelings, thoughts that do not help, and increasing motivation/making recovery goals (see the Appendix in the online supplemental materials for items). One pair from each of the five components was randomly selected from a pool of 10 (50 pair total). Each item pair asked participants to rate both the frequency of exposure to a potential triggering situation and their confidence in coping with that situation on a 3-point scale. For each component we created a weighted coping need score [CNS ϭ (reverse)Frequency ϩ 2 ϫ Confidence]. At the end of the assessment, patients in the CR condition received a recommendation for one of the CBT components corresponding to their assessed need and were given the option to proceed to the recommended component or to access the system's main menu ("Based on your responses and your prior use of the system, we suggest that you use the [selected CBT component] section of the Recovery Line"). Patients in NCR condition were directed to the main menu after the assessment. An algorithm used a weighted probabilistic selection to increase the likelihood that all components were presented over the 2-week study, with weighting based on the CNS and the number of days left in the study.
Item pairs were developed using a four-stage process used in prior research (Moore et al., 2013) . First, 20 coping assessment pairs were developed for each of the CBT components (100 total); adapted from the Situational Confidence Questionnaire (Wong, Higgins, Badger, & Dantona, 1997) , the Coping Strategies Inventory (Tobin, Holroyd, Reynolds, & Wigal, 1989) , and generated by the research team. Pairs were then reviewed and edited for language appropriateness and comprehensibility to a fifth-grade listening level by plain language experts (Plain Language Works, Albuquerque, NM). Experienced CBT counselors rated the relevance of each pair to drug use and the appropriateness of the specific CBT component (n ϭ 7), and then 15 patients with six or more months of abstinence rated the pairs' acceptability and perceived efficacy. Based on these ratings, comments, and suggestions from counselors and abstinent patients, the 10 highest ranked pairs for each component were selected for the randomized trial.
Results
All randomly assigned participants completed the assessment at the end of the 2-week study. Although we evaluated condition, gender, and Condition ϫ Gender, there were no significant effects of gender or interactions of Gender ϫ Condition for any baseline or treatment outcome variables. Thus, the tables present measures by condition only. Demographic and clinical characteristics are presented in Table 1 . Although there were not significant differences between conditions, the years of opioid use approached significance, with nominally greater years for those assigned to NCR than those assigned to CR.
Primary outcomes. Recovery line use. Although patients were not required to own a phone to participate in the study, only two participants did not have a phone. Table 2 presents call characteristics and patient ratings of the Recovery Line for CR and NCR conditions. There were no significant differences between the two groups for number of calls or total call time. Given the observed variability in the conditions, the sample size of 60 provided Ͼ80% power to detect an effect size between conditions comparable to 3.3 calls and 48 min of call time over the 2 weeks. Patients in the CR condition went to the recommended module on 56% of calls (140/248).
Engaged calls. For a sizable minority of calls, we noticed that participants completed the assessment and then hung up. Thus, we conducted a secondary exploratory analysis of the subset of calls in which the participants engaged in additional system components after completing the coping assessment. Although total call time Note. CR ϭ customized recommendations; NCR ϭ no customized recommendations. a Participants were randomized to condition within gender. b Due to the skewness of the distribution a nonparametric alternative to analysis of variance was used, the Kruskal-Walis test. This document is copyrighted by the American Psychological Association or one of its allied publishers.
did not differ by condition (p ϭ .13), there was a significant difference between conditions on the number of engaged calls (p ϭ .045), such that participants in NCR (M ϭ 9.5, Mdn ϭ 10.0, SD ϭ 3.9) had more calls than those in CR (M ϭ 7.4, Mdn ϭ 5.0, SD ϭ 4.8). System ratings. Ratings for ease of use differed between groups, such that the CR group rated the Recovery Line easier than the NCR group (see Table 2 ). There were no differences between groups for ratings of helpfulness (perceived efficacy) or interest.
Other outcomes. For frequency of illicit drug use per week there were no differences between conditions. However, frequency decreased from baseline (M ϭ 2.4, SD ϭ 2.1) to the end of the study across conditions, (M ϭ 1.7, SD ϭ 2.1; F(l, 55) ϭ 7.23, p ϭ .009). Similarly, there were no differences between conditions on the ECBI, but scores for all participants improved from baseline (M ϭ 0.94, SD ϭ 0.45) to the end of the study (M ϭ 1.09, SD ϭ 0.42, F(1, 58.3) ϭ 11.93, p ϭ .001).
Discussion
Consistent with expectation, participants in the CR condition reported the Recovery Line easier to use than those in the NCR condition. However, findings on the primary outcomes did not support the hypothesis that CR would increase participant use of the Recovery Line. Although it is possible that CR improve some unmeasured aspect of participant engagement with the system, they were not associated with greater system use, or other outcomes such as coping skills efficacy or substance use reduction. Over the 14-day period of 24-hr Recovery Line access, the number of calls and total number of minutes called were surprisingly similar between the randomized groups. Across both conditions, patients made more calls over more time (9.5 calls, 81.3 min) than the first 2 weeks of the 4-week pilot trial (8.6 calls, 70.4 min), which might have been due to the shorter study length. In secondary analysis, the number of engaged calls favored the NCR condition over the CR condition, suggesting that the relationship between the factors may be more complex than expected. That patients in the CR condition did not proceed to the recommended modules may have been due to the tailoring approach used, and a more refined or highly sophisticated tailoring approach might influence patient use differently. Alternatively, the similar system use and the high number of calls suggest that the coping efficacy assessment alone may act as an intervention, as can occur with ongoing self-assessment (Helzer, Badger, Rose, Mongeon, & Searles, 2002; Mundt, Bohn, King, & Hartley, 2002) . Evaluating CR without self-assessment, such as providing CR based on continuously collected biological or behavioral response data, would help to address this concern.
An important consideration of the current findings is that the study examined CR rather than tailored treatment options. That is, participants were allowed to choose to follow the CR rather than automatically being directed to a specific section. Although for the majority of instances participants did proceed with the recommendation; findings may have differed if patients were directed to the modules. Prior research on tailored treatments for weight loss (Collins et al., 2013) and smoking cessation (McClure et al., 2014) have indicated increased intervention engagement with content and messages tailored to the participant, although effect sizes were small and evaluated in much larger studies than the current study.
Trial 2-Reminder Messages
In our prior work, the most common reason patients reported for not calling the Recovery Line was forgetting (Moore et al., 2013) , which is not surprising, given that cognitive impairments are seen in patients with opioid use disorder receiving methadone (Loeber et al., 2012; Mintzer & Stitzer, 2002) . Although simple reminders such as "Please call the Recovery Line," might be effective, recent findings from a meta-analysis of stand-alone reminder systems for medication adherence indicate that some patients find reminders undesirable, and the effects tend to dissipate over many repetitions (O'Donohue & Levensky, 2006; Wise & Operario, 2008) . Thus, it is important to evaluate whether the characteristics of messages affect patient engagement and use. First, message latency (length of time after the patient should have called) may affect responding. Patients may respond positively after each reminder or may resent This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
frequent contact and ignore the message. Either short or long message latencies could improve patient engagement and use. In addition, because message effectiveness could dissipate over time it is important to provide sufficient patient system access, and thus, we extended the trial from 2 (Trial 1) to 4 weeks. Because individuals can become inattentive to repetitions of the same message, we also developed a series of novel reminder messages based on message framing (Rothman & Salovey, 1997) . We chose to evaluate gain-and loss-framed messages since they can be presented briefly, are theoretically consistent with CBT, and have been evaluated with substance-dependent populations (Fucito, Latimer, Salovey, & Toll, 2010; Toll et al., 2007) .
Method
Reminder messages were sent as short message service text messages to a specified phone, requiring an additional study criteria of regular access to a phone with text messaging capabilities. Thus, participants used their own phone to call the system and were not offered access to phones in the research offices. A total of 73 patients with continued drug use completed the initial baseline evaluation, with two excluded for active bipolar disorder, two for inability to understand English, and one for insufficient access to a phone. Of the 68 patients randomized, one patient assigned to short latency had technical problems with his phone for the entire study period and did not receive text messages as designed and was excluded from the analyses. Of the 67 evaluated participants, 22 were randomized to immediate, 23 to short, and 22 to long reminder latencies. Although staff were not blinded to condition after randomization, we attempted to have a different staff member complete the follow-up assessment than completed the intake. This occurred for almost all of the cases. Upon the completion of the study, patients were paid $80.
Reminder latencies. Text message reminder latencies were established based on three time intervals: immediate, short, and long. Latencies and reminder message delivery were programmed through a secure online host (LinkZero, Woodbridge, CT) and reminder messages were sent to the patient's phone based on the call window specified during the intake and interval condition. In the immediate latency condition, text message reminders were sent daily at the start of the call window regardless of the patient's system use. For the short latency condition, text reminder messages were sent 2 hr after the end of the patient's call window if the participant did not call the Recovery Line yet that day. The long latency condition reminder message was sent 48 hr after the end of the patient's call window if the patient did not call during this time period.
We developed an equal number of gain-and loss-framed reminders using the five-stage development process we have used for development of other Recovery Line components (Moore et al., 2013) . Initially we developed 50 reminder messages focusing on benefits of calling the Recovery Line (gain-framed-i.e., "The Recovery Line can teach you tips for better health") and 50 complementary reminders of the negative consequences of not calling the line (loss-framed-i.e., "When you don't use the Recovery Line, you miss out on learning tips for better health"). Reminder messages were developed across a range of benefits and consequences, including time, stability, financial, stress, craving, support, insight, convenience, health, and mood. All reminder messages were reviewed and edited for language appropriateness and comprehensibility to a fifth-grade level by plain language experts (Plain Language Works, Albuquerque, NM). All reminders were then rated for patient acceptability and effectiveness (5-point Likert scales) by CBT counselors (n ϭ 7) and experienced patients (e.g., 6 or more months of abstinence from illicit drugs, n ϭ 15). The 20 highest-rated gain-and loss-frame reminder message pairs (40 total reminders) were used for the clinical trial. In delivery to patients during the trial, reminder message frame was pseudorandomized to balance gain or loss frame over time.
Results
Of the total 67 randomized participants only four participants did not complete the follow-up assessment. However, although we evaluated condition, gender, and Condition ϫ Gender, there were no significant effects of gender or interactions of Gender ϫ Condition for any baseline outcome variables, and thus we collapsed across gender in the tables. Demographic and clinical characteristics are presented in Table 3 . Although there were no significant differences in demographic or clinical characteristics, the comparison of the number of days/week of illicit opioid use and any illicit drug use approached significance, suggesting that those partici- .66 Number of drug treatments in prior 5 years, M (SD) 2.5 (2.0) 1.9 (1.5) 3.1 (2.3) .18 ECBI, M (SD) 1.0 (.5) .9 (.5) .8 (.4) .40
Note. ECBI ϭ Effectiveness of Coping Behaviors Inventory. a Participants were randomized to condition within gender. b Due to the skewness of the distribution a non-parametric alternative to analysis of variance was used, the Kruskal-Walis test. This document is copyrighted by the American Psychological Association or one of its allied publishers.
pants assigned to the immediate latency condition had fewer days of use than those assigned to the other conditions. Primary outcomes. Reminder message frame. Neither the outcome of likelihood of calling the system following a reminder message nor the call length following a reminder differed significantly by reminder frame (gain or loss), nor did reminder frame interact with assigned latency condition or gender.
Recovery line use. For the primary outcome of total call minutes, there was a significant decrease in mean total call time over the 4 weeks, Wald 2 (3) ϭ 58.86, p Ͻ .001, from 36.2 min in week 1 (SD ϭ 29.5) to 14.5 min in week 4 (SD ϭ 23.3). Time did not significantly interact with gender (p ϭ .85), but did with assigned condition, Wald 2 (6) ϭ 14.06, p ϭ .03. Figure 1 presents the estimated marginal means of the negative binomial GEE analysis by condition over time. Mean call time was greater for immediate and short latencies during the first 2 weeks, but did not differ across conditions in Weeks 3 and 4. The pattern of total call minutes by condition also differed significantly by gender, Wald 2 (2) ϭ 20.64, p Ͻ .001, for the interaction. As can be seen in Figure 2 , reminder latency condition affected the total call time for males, Wald 2 (2) 20.54, p Ͻ .001), but not for females (p ϭ .78).
Findings of the primary outcome of number of calls were similar to that of total call time. The number of calls decreases significantly over the 4 weeks, Wald 2 (3) ϭ 586.4, p Ͻ .001, but did not interact with time (p ϭ .17), nor time and gender (p ϭ .22). Reminder latency condition also interacted significantly with gender, Wald 2 (2) ϭ 10.22, p ϭ .006, such that reminder latency conditions differed for males, Wald 2 (2) ϭ 16.92, p Ͻ .001, but not for females (p ϭ .44). Males made significantly fewer calls in the long condition [Estimated Marginal Mean (EMM) ϭ 0.79] than in the immediate (EMM ϭ 2.41, p ϭ .01) or short conditions (EMM ϭ 3.66, p Ͻ .001). Analyses of the primary outcomes controlling for days/week of illicit opioid use showed the same pattern of results.
System ratings. There were no differences noted by reminder latency condition or gender for the postassessment Recovery Line ratings (Table 4) , although overall means were slightly higher than Trial 1 (perceived efficacy, M ϭ 3.9, SD ϭ 1.1, interest, M ϭ 3.8, SD ϭ 1.3, and ease of use, M ϭ 4.0, SD ϭ 1.3).
Other outcomes. Self-reported frequency of illicit drug use did not differ by condition or gender, nor were any of the interactions significant (see Table 4 ). However, there was a significant reduction in self-reported frequency of illicit drug use during the study for all groups, F(1, 50) ϭ 12.28, p ϭ .001. Similar findings were shown for urine screens for illicit drugs, in that there were no significant main effects or interactions of condition or gender, but there was a significant change over time, Wald 2 (1) ϭ 4.52, p ϭ .03, such that the proportion of patients who provided a urine screen negative for all illicit drugs increased from baseline (12%) to follow up (23%). For the ECBI there were no significant effects or interactions of gender, latency condition, or time.
Discussion
The findings demonstrated support for the use of shorter response latencies, particularly for total call time. However, this effect was modified by gender, with differences noted for males but not for females. There was no evidence that reminder message frame (gain or loss) affected patient response to the reminders. Similarly, during the follow-up assessments, many participants reported that they did not actually read the reminder messages but simply noted them as a reminder to use the system. Calls per week in Trial 2 were similar to the previous pilot (14.4 calls, 121.9 min) for the short and immediate conditions (13.0 calls, 111.4 min) but were much lower for the long latency reminder condition (7.0 calls, 55.6 min), suggesting that the delayed latencies may lead to less engagement than no reminders.
Although the number of calls reduced over the 4 weeks of the study for the immediate and short latency conditions, the ratings of interest, perceived efficacy, and ease of use collected at the end of the study did not differ. This suggests that although the efficacy of the reminders dissipated, the higher frequency of reminders in the shorter latency conditions did not have a substantial negative effect on their impression of the system. Thus, more frequent reminders or system contact could be used in additional studies of factors to maintain system engagement.
General Discussion
The current studies demonstrate that ACBIs can be adapted to increase patient engagement and use. We examined these engage- This document is copyrighted by the American Psychological Association or one of its allied publishers.
ment factors in a population not receiving optimal treatment benefits (i.e., patients receiving methadone with continued drug use) because treatment engagement could improve clinical outcomes. In addition, the trials' use of strong methodological designs, including randomization and blocking by gender, improves causal inference of the factors examined on participant engagement. Across both trials, there were a number of findings relevant to the development of ACBIs for substance use disorder treatment. CR may improve participant impressions of the system, as indicated by ratings of ease of use, but this does not appear to translate to engagement behavior. Reminder messages can be effective, but dissipate over time. Reminder message framing did not affect engagement behavior, suggesting that framing may be less relevant for repeated exposures, such as in the current study, than in contexts such as advertising or public service messages (Rothman & Salovey, 1997) , or when reminder messages are framed for the target behavior rather than for system engagement (Fucito et al., 2010; Toll et al., 2007) . In addition, individuals may be less likely to read reminder messages if they know that the content is similar. Despite the findings from the current studies, patient engagement can clearly be improved. Although no effect of reminder message frame was indicated in the current study, other message factors may maintain engagement, such as those that increase novelty and decrease predictability (McClure et al., 2013; Redfern et al., 2016) . For example, randomizing contact times with the system, as is used in ecological momentary assessment, may be less likely to dissipate over time. Systems may also need to adapt over time and use an array of methods to maintain and reengage patients. Similarly, adaptive research designs should be implemented to examine patient engagement with these ACBIs.
Self-assessment is an important component of CBT and has been shown to reduce substance use (Michie et al., 2012; Sinadinovic, Berman, Hasson, & Wennberg, 2010) . In the follow-up interview, many of the participants noted that the assessment items made them more aware of their own behavior around drug use. The provided "therapeutic response" (e.g., CR) may have been less important than the self-assessment Jenkins, McAlaney, & McCambridge, 2009; . The evaluation of engaged calls favoring NCR over CR suggests that the relationship between the factors may be more complex than expected. Thus, research examining the assessment component directly or evaluating CR without selfassessment, such as providing CR based on continuously collected biological or behavioral response data, would be useful.
The findings also highlight the importance of evaluating gender in clinical studies. Other studies have found women more likely to engage in ACBIs than men (McClure et al., 2014; Nash et al., 2015; VanDeMark et al., 2010) . Common treatment barriers such as restricted treatment access, greater child care and family responsibilities, and difficulty with transportation (Jones & Fiellin, 2007; Najavits, Rosier, Nolan, & Freeman, 2007) , may lead women to prefer the flexibility and convenience of ACBIs. In Trial 2, reminder message latency affected total call time and frequency for males but not for females. This suggests that women may be more motivated or more engaged with an ACBI and are thus unaffected by reminder latency. For men, more frequent reminders (the shorter latency conditions) appeared to increase their system use to a level similar to those of the women.
Some limitations of the current trials should be noted. First, although both studies were moderately sized for a longitudinal study of patients receiving methadone, they had lower power to detect smaller effect sizes. Although there was greater than 80% power to detect differences of more than three calls and 45 min of call time in Trial 1, smaller effect sizes could still be meaningful, and future work should be powered for even small effect sizes if they are clinically meaningful. Second, both the 2-and 4-week time frame may have been insufficient to fully evaluate differences that may have emerged over time, although the dissipation of reminder latency effects in Weeks 3 and 4 in Trial 2 suggests that the study length was sufficient to examine some effects over time. Third, because there was no prior research on reminder message latency, we chose latencies to provide a wide range to examine whether any differences were present. Other latencies may improve or optimize responding.
Fourth, the study was conducted using an automated-IVR system of methadone-maintained patients with continued drug use, and therefore findings may not generalize to other technology platforms or populations. One particular concern with this population has been regular phone access. Patients in our studies and those who have evaluated similar populations, often experience a This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
range of technical barriers to system use, including lost cell phones, disruption of service, limited minutes, and poor reception (Tofighi et al., 2015) . We chose an IVR system in part because patients can access the system from any phone at any time. We also provided participants with the option of accessing the system from phones at the research offices in Trial 1, and only had one individual excluded from Trial 2 because of extensive problems receiving the reminder messages. However, even less extensive barriers may have affected participation. Although we did not directly assess phone access during the current trials, we believe this is an important consideration to improve sensitivity of engagement measures, and are currently evaluating access for a randomized efficacy trial of the Recovery Line. Finally, the current studies did not address the assumption that engagement will lead to improved treatment outcome. Self-report and urinalysis in the current studies showed decreased illicit drug use from baseline to posttest, suggesting that ACBIs for substance use disorder can improve treatment response, but the conditions that showed greater patient engagement and system use did not show comparable differences in illicit drug use. The studies were not designed to directly evaluate treatment outcomes because in previous studies engagement and use have been insufficient to fairly evaluate efficacy. The current findings indicate that system functions can be developed to increase treatment engagement and system use so that efficacy of automated systems that rely on patient initiation can be fairly evaluated. Given these data, the Recovery Line represents a flexible and accessible ancillary treatment for patients receiving methadone.
